1. 6SZn was injected intravenously during transjugular liver biopsy and, from simultaneous hepatic and peripheral venous blood samples, hepatointestinal 65Zn extraction was calculated. Hepatic zinc content was measured in biopsy specimens.
Introduction
Some patients with alcoholic cirrhosis show hyperzincuria in the presence of nucleated tissue zinc depletion [ 11, a paradox that suggests either that there is renal disease causing hyperzincuria or an obligatory renal zinc loss. We have shown a
Correspondence: Dr R. P. H. Thompson, Gastrointestinal Laboratory, The Rayne Institute, St Thomas' Hospital, London SE1 7EH. marked increase in oral bioavailability of zinc (area under the plasma concentrationhime curve) in alcoholic cirrhosis (P. W. N. Keeling, W. Ruse, J. Bull, B. Hannigan & R. P. H. Thompson, unpublished work), which could cause excess zinc loss from blood into the urine. One cause for this increase in oral bioavailability might be a decreased hepatic extraction of zinc from portal blood.
The aims of this study were: (1) to measure directly the combined hepatointestinal extraction of radioactive zinc (65Zn) in patients with near normal liver histology and in those with severe active and inactive chronic liver disease; (2) to determine the chemical zinc content of liver tissue; (3) to compare the results of liver chemical zinc with those of the hepatic extraction of 65Zn.
Methods
Nineteen patients were undergoing routine transjugular liver biopsy. Each patient was fasted from midnight before the test and had not taken alcohol for 7 days before this investigation. While a 10G Cournand catheter was positioned in a hepatic vein, each patient received 5 pCi of 65Zn into a forearm (65ZnC1,, specific radioactivity 0.1-2.5 Ci/g of zinc; The Radiochemical Centre, Amersham, Bucks., U.K.). Simultaneous hepatic and peripheral venous blood samples (10 ml) were taken into plastic syringes at 5, 71 and 10 min after the intravenous administration of the isotope and immediately transferred to heparinized plastic tubes. The first 3 ml of blood from the catheter was discarded. The blood specimens were centrifuged at 1800 g for 15 min at room temperature. Paired 2 ml plasma samples from each blood specimen were counted in a well-type y-counter (LKB Wallac 80 000, Croydon, Surrey, U.K.) for 100 s twice. The hepatic (y) and peripheral (x) venous 65Zn radioactivities were estimated and the mean percentage hepatic extraction ( E ) was calculated from the equation E = x -y / x x 100; the mean value of three measurements (5, 74 and 10 min) was taken as the hepatic extraction for that patient. The liver tissue was dried to constant weight at 98"C, the dry weight calculated and the zinc from the dry tissue extracted into HCI (1 mol/l). The liver zinc content was measured by atomic absorption spectrophotometry (Instrumentation Laboratories IL 257, Warrington, Cheshire, U.K.) and the results expressed as ng of zinc/mg dry weight.
The study was approved by the Hospital Ethical Committee and the DHSS Isotope Advisory Panel. AU subjects gave informed written consent.
On the basis of histological examination of the liver biopsy specimens the patients were divided into three groups: six with normal architecture, seven with cirrhosis (alcoholic six, primary biliary cirrhosis one) and six with predominant chronic hepatitis (alcoholic three, active chronic hepatitis three).
Routine liver-function tests (plasma albumin, bilirubin and alanine aminotransferase and prothrombin time ratio) were measured by the Department of Clinical Chemistry, St Thomas' Hospital, London. The corrected wedged hepatic venous pressure was measured in all but two patients.
Differences between the groups were tested by Student's unpaired t-test. Correlation coefficients were tested by least-square linear-regression analysis.
Results
None of the patients studied had hepatic encephalopathy. Only two patients had ascites (alcoholic cirrhosis) and four patients were taking diuretics before this study (one control patient, a patient with active chronic hepatitis and two with alcoholic cirrhosis).
The results of the liver-function tests for the patients groups (control patients, active chronic hepatitis and cirrhosis of the liver) are shown in Table 1 . However, the hepatic venous wedge pressures (Table 1) demonstrated that the mean portal venous pressure was higher in the patients with cirrhosis than in the patients with chronic hepatitis. Furthermore the wedge pressure tended to be higher in those patients with alcoholic hepatitis than in those with active chronic hepatitis (Table 1) .
In the seven patients with cirrhosis the hepatointestinal zinc extraction and liver zinc content were significantly lower than in the group with normal liver architecture ( Table 2) . Patients with chronic hepatitis had a mean extraction greater than that of the control patients, but the mean liver zinc content was significantly lower. Hepatic zinc content and zinc extraction were not significantly correlated in all patients or in any histological subgroup.
Discussion
Persistent hyperzincuria despite generalized zinc depletion is a paradox seen in patients with alcoholic cirrhosis [ 11. Intestinal and renal losses of zinc are controlled in part by a binding protein, metallothionein [ 21. In addition, hepatic metallothionein may control the rate at which absorbed dietary zinc is transferred from the liver to the systemic zinc pool [21. If the liver's capacity to remove zinc from portal venous blood is decreased, then a greater amount should escape into the central pool.
The results of the present study confirm the previously demonstrated decrease in hepatic zinc content in alcoholic cirrhosis [3, 41 and show a decrease in hepatointestinal zinc extraction. They suggest that, in this disease, after absorption of ingested zinc first-pass extraction is markedly reduced and hepatic zinc storage diminished. This would explain the increased systemic bioavailability of zinc.
Increased bioavailability of zinc causes increased delivery of the element to the noninducible renal metallothionein [51. Thus if the load exceeds the binding capacity, excess zinc will be lost in the urine. We believe that decreased hepatic zinc extraction is the underlying cause of zinc loss from the kidneys in alcoholic cirrhosis. This hypothesis is supported by the observation in the present study that in active chronic hepatitis, a disease in which hyperzincuria is not a feature [61, hepatic zinc extraction is normal and, indeed perhaps increased. Such an increase, if confirmed, may be due to decreased serum albumin and subsequent increase in free zinc or to an increased hepatic avidity for zinc. It may be important that the highest extractions occurred in those with the lowest liver zinc content. Thus, as a group, patients with chronic hepatitis had the highest extraction of zinc, but also had a decreased liver zinc content. These features suggest that there may be decreased absorption of zinc into portal venous blood or that the liver is deficient in its zinc binding protein, metallothionein.
The use of hepatic and peripheral venous blood samples in our calculations makes it impossible to separate the hepatic and intestinal contribution to the measured extraction. If intestinal extraction of circulating zinc is of any magnitude, then our calculations of the size of the reduction in hepatic zinc extraction in disease, where a significant degree of extrahepatic shunting is likely to occur, may be an underestimate. However, the data of Anderson et al. [71, showing identical portal and peripheral plasma zinc concentrations during absorption of an oral dose, suggest that no significant intestinal extraction of zinc occurs in patients with normal hepatic function. Thus the difference in the input concentrations in hepatic arterial and portal venous systems are likely to be small. If the concentrations are different, it would produce a spurious decrease in the difference between the hepatic extraction of zinc in the control patients and those with cirrhosis of the liver. Finally, with extraction ratios of 0.3-0.4, the effects of the extrahepatic shunt will be small and are therefore unlikely greatly to affect these results.
